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Description 

FIELD OF THE INVENTION 

[0001] The present invention relates to a field emis- 
sion cathode to be used in tight sources and similar de- 
vices, such as display panels, cathode-ray tubes, etc., 
and to methods in the production of such a field emission 
cathode. 

BACKGROUND OF THE INVENTION 

[0002] In order for field emission illuminating devices 
to become useful, there is a need for a field emission 
cathode with a higher efficiency than known cathodes. 
Once a field emission cathode is achieved with a low 
work function, high durability, non-polluting composition 
and low production cost, it will be possible to replace a 
great variety of light sources with light sources including 
a field emission means in combination with a fluorescent 
surface for emission of visible light. 
[0003] For example, great efforts are made today for 
reducing problems with commonly used fluorescent 
tubes, which require complicated external electrical de- 
vices and contain material with negative environmental 
effects. In present fluorescent tubes, gas discharge is 
employed for emitting radiation onto a fluorescent ma- 
terial that emits visible light in turn. A new type of emis- 
sion means is desired for eliminating drawbacks of 
present fluorescent tubes. 

PRIOR ART 

[0004] US patent 4 728 85 1 discloses a field emission 
cathode in an emitting device with a memory function, 
consisting of one carbon fibre with a diameter in the or- 
der of two micrometers with an emitting end sharpened 
by corona discharge to a diameter of approximately 0.2 
micrometers. 

[0005] US patent 4 272 699 discloses a field emission 
cathode in an electron impact ion source device consist- 
ing of a bundle of carbon fibres with diameters in the 
order of two to ten micrometers with emitting ends, 
which are cut off and not sharpened by any refinishing 
operation. 

SUMMARY OF THE INVENTION 

[0006] An object of the invention is to provide a meth- 
od in the production of a field emission cathode, wherein 
the cathode is provided with a surface geometry that fa- 
cilitates the achievement of local high electric field 
strengths for electron field emission. Another object is 
to provide a method in the production of a field emission 
cathode, wherein the cathode has a high mechanical 
and electrical durability. 

[0007] Another object of the invention is to provide a 
field emission cathode for electron field emission with a 



surface geometry adapted for high intensity local elec- 
tric fields. Further objects of a field emission cathode of 
the invention are to attain a field emission cathode with 
an emitting surface having irregular topography facilitat- 
5 ing electron field emission, a high mechanical durability, 
a high electrical durability of cathode. 
[0008] The above objects are attained by the features 
set forth in the appended claims. 

10 BRIEF DESCRIPTION OF THE DRAWINGS 

[0009] 

Fig. 1 shows for clarity, after a step of cutting fibres 
15 into segments and annealing the fibres, part of a 
bundle made of a plurality of the fibres to constitute 
one field emission cathode of the invention; 
Fig. 2 shows the fibres of fig. 1 after the step of ion 
bombardment, in which a diverging of emitting ends 
20 of the fibre segments has occurred; 

Fig. 3 shows schematically a possible "rough" pro- 
file of, generally, a surface to be prepared for emis- 
sion in subsequent steps, and, specifically, an end 
surface of one fibre segment of fig. 1 ; 
25 Fig. 4 shows schematically a possible "multi-point- 
ed" profile of, generally, an emitting surface to be 
modified further for emission in a subsequent step, 
and, specifically, an end surface of one fibre seg- 
ment of fig. 2; 

30 Fig. 5 shows schematically a possible "rounded off" 
profile of, generally, an emitting surface prepared 
and modified for emission, and, specifically, an end 
surface of one fibre segment of fig. 2 after a step of 
modifying the ends of the fibre segments with a var- 

35 iable voltage; 

Fig. 6 shows field emission cathodes of the inven- 
tion distributed in a matrix on a substrate in an illu- 
minating device provided with a modulator grid 
electrode, an anode, and a fluorescent layer, oper- 

40 ating inside an evacuated glass container. 

DESCRIPTION OF A PREFERRED EMBODIMENT 

[001 0] In a preferred method of the invention, the field 
45 emission cathode is made from a fibre material contain- 
ing a first substance, the method comprising firstly the 
steps of combining a plurality of fibres of the fibre ma- 
terial; cutting, mechanically or by melting, bundles from 
the fibre material, each bundle consisting of a plurality 
so of fibre segments of a predetermined length; and an- 
nealing the fibre segments in order to remove from it 
other substances than the first substance, and/or to nor- 
malize the structure of the first substance in the fibre 
segments. 

55 [0011] After the cutting and annealing, the fibre seg- 
ments of the bundles each have an emitting end with 
inherent irregularities. The method secondly comprises 
the steps of irradiating the emitting ends of the fibre seg- 
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ments with ions, to increase and improve irregularities 
of the emitting ends, in order to facilitate electron field 
emission (Stronger local electrical fields are formed 
generally at irregularities or tips); and modifying the 
emitting ends by applying a variable voltage to the fibre 
segments and increasing according to a predetermined 
scheme the variable voltage, during electron field emis- 
sion from the emitting ends, in order to preserve the ir- 
regularities of the emitting ends, to such an extent that 
full operating voltage may then be applied momentarily 
(in a step) without any substantial deterioration of the 
field emitting properties of the cathode. The steps of ir- 
radiating and modifying are performed simultaneously 
in an evacuated environment containing residual gas 
ions. The ion bombardment may involve adding ions of 
a second substance with a lower work function than that 
of the first substance. 

[0012] Starting from, e.g., commercially available 
poiyacrylnitryl carbon fibres, or other suited material 
containing carbon, the cathodes are formed by cutting 
mechanically the carbon fibres. With reference to figs. 
1 and 2, a field emission cathode consists of a bundle 
1 of carbon fibres 3 with emitting ends 2. In a bundle 1 
there may be in the order of a hundred fibres 3 or more. 
The diameter of the fibres 3 are in the range of a few 
micrometers. For clarity, a small number only of the car- 
bon fibre segments is shown in figs. 1 and 2. 
[0013] In the first step in preparing, the cut fibre bun- 
dles are annealed, preferably in open air at a tempera- 
ture which is increased continuously for about 1 .5 hours 
to approximately 500°C and then maintained for about 
8-10 minutes. This treatment improves the ability of the 
emitting surface to develop effectively emitting irregu- 
larities. Fig. 1 shows a part only of the bundle 1 of fibres 
3 with the emitting ends 2 after the annealing. Fig. 3 
shows a profile 5 of one fibre 4 after the annealing, the 
emitting end profile 5 having small irregularities. 
[001 4] The next step of preparing the emitting ends is 
performed together with the step of modifying ("buming- 
in") in a vacuum chamber. The pressure in the chamber 
is approximately 10 -6 Torr, which means that the cham- 
ber contains some residual gas. An electric field strong 
enough is applied to the cathode, electron emission will 
occur from the emitting ends. The application of the 
electric field also causes ions of the residual gas to ac- 
celerate toward the emitting surface and collide with it 
creating new irregularities. As the electric field is in- 
creased, the emission will reach levels in the sharpest 
irregularities (peaks), causing them to melt locally. If the 
electric field strength is increased slowly, the melting will 
be restricted and a substantial portion of the irregulari- 
ties be preserved, and so will the field emission proper- 
ties of the emitting ends. Preferably, the electrical field 
is increased in five, possibly, equal steps from zero to 
full operating voltage, each step being a few minutes, e. 
g., ten minutes. 

[001 5] Fig. 2 shows a part only of the bundle 1 of fibres 
3 with the emitting ends 2 after the irradiation, wherein 



still another advantageous effect is achieved. The emit- 
ting ends 2 (the tips of the fibre segments) are slightly 
separated, which facilitates a wider distribution of emit- 
ted electrons. Fig. 4 shows a profile 7 of one fibre 6 after 

5 the irradiation, the emitting end profile 7 having high and 
sharp irregularities 8. Fig. 5 shows a profile 10 of one 
fibre 9 after the modifying, the emitting end profile 10 
having high, but slightly rounded irregularities 11 . 
[0016] The step of irradiation (bombardment) of the 

10 emitting ends may be performed with ions of cesium or 
a similar low work function material. The ions are then 
saturated into the surface of the emitting ends, thereby 
lowering the electron work function of the emitting ends. 
Like the residual gas ions, these irradiation impacts also 

15 cause sharp irregularities in the emitting ends. 

[0017] The step of modifying may be applied at differ- 
ent stages of the manufacturing of a field emission cath- 
ode according to the invention. For example, modifying 
may be performed when the fibres (or bodies) are being 

20 treated in the vacuum chamber and/or when they are 
mounted in an illuminating device or in any electron 
emitting device. 

[0018] Fig. 6 shows a light source with field emission 
cathodes applied in the form of bundles 1 , preferably in 

25 a matrix, arranged on a conductive substrate 17. In the 
same plane as the matrix and in close proximity, in the 
order of tenths of millimetres, above the emitting ends 
of the bundles 1 , there is provided a modulator electrode 
12 with an aperture centred around each bundle. The 

30 substrate 1 7 and the modulator 1 2 rest on dielectric sup- 
ports 1 8 inside an evacuated glass container with an up- 
per boundary glass plate 1 5 and a lower boundary glass 
plate 16. Opposite the bundles 1 and the modulator, 
there is provided on the inside of the upper boundary 1 5 

35 an anode 13 and a luminescent layer 14. The anode 13, 
the modulator 12, arid the substrate 17, have electrical 
terminals A, B, C, respectively, for application of voltag- 
es leading electrons from the bundles 1, via the modu- 
lator apertures, to the luminescent layer 14 in connec- 

40 tion with the anode 13. When electrons hit the lumines- 
cent layer 14, light is emitted escaping the transparent 
anode 1 3 and the glass container. 
[0019] In a method of the invention, a field emission 
cathode constituted by at least one body, preferably pu- 

45 rifled to contain essentially a first substance, and pref- 
erably normalized in its internal and surface structure, 
is treated in the following steps: preparing the body or 
bodies by mechanical, thermal, erosion, and/or irradia- 
tion treatment so as to provide it with at least one emit- 
so ting surface having irregularities facilitating electron 
field emission; and modifying the emitting surface by ap- 
plying to the body a variable electric field, in order to 
induce electron field emission from the emitting surface, 
and increasing the field intensity according to a prede- 

55 termined scheme, in order to preserve the irregularities 
of the emitting surface, to such an extent that full oper- 
ating voltage may then be applied momentarily (in a 
step) without any substantial deterioration of the field 
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emitting properties of the cathode. The method may 
comprise the step of adding to the emitting surface a 
second substance with a lower work function than that 
of the first substance, in order to lower the electrical field 
strength required to induce electron field emission from 
the emitting surface. 

[0020] One way of arriving at a suitable initial material 
for the cathode would be to anneal the body or the Initial 
material, in order to remove from it other substances 
than the first substance and/or to normalize its structure. 
The term normalization may be understood as reduction 
of the occurrence of amorphous structures of the body 
of the initial material. 

[0021] The body of the cathode may have any geo- 
metric configuration, including but not limited to a fibre, 
a layer, a cone shaped body, and a block. The term ir- 
regularities should not be understood as excluding non- 
smooth geometries formed in a regular pattern on the 
emitting surface. 

[0022] The preparation step may more specifically be 
performed through mechanical grinding, electrical spark 
discharge, or ion bombardment. It is preferred to per- 
form the step of preparation by bombardment simulta- 
neously with the step of modifying, see below. Also, in 
the case of preparing by ion bombardment, that step 
could be performed with ions of the second substance, 
which would combine the step of adding with the step 
of preparing (and modifying). 

[0023] In the case of the bodies being a bundle of fi- 
bres, there will occur typically, in the step bombarding 
emitting ends with ions, a spreading or diverging of the 
emitting ends of the bundled fibre segments, said 
spreading being advantageous for a wider distribution 
of electrons in the field emission. 
[0024] Preferably, the first substance of the cathodes 
is carbon or a substance with similar properties. The use 
of carbon is advantageous, e.g., due to its ability to de- 
velop irregularities when hit by ions in production and in 
normal use. The second substance (the implant), if 
used, may be cesium or other suitable material with a 
low work function. It would be possible to manufacture 
or develop a suited electro-conductive body from either 
a solid, liquid or gaseous phase of the selected sub- 
stance (s) or through an external action on a body. 
[0025] The irregularities remaining after the step of 
preparing the emitting ends by bombarding (irradiating) 
with, and possibly adding (doping), ions are crucial to 
field emission properties of the cathode. The irregulari- 
ties may consist of peaks or tips (microtips) of carbon, 
which is possibly cesium-doped. The radius of curvature 
of the tips are preferably within the orders of magnitude 
of 0.1-100 nanometers. The step of modifying the emit- 
ting surface is a "burning-in" process, in which the irreg- 
ularities are rounded off at the peaks by melting due to 
heat generation from electron field emission. According 
to the invention, this process is performed carefully, so 
that only the sharpest or highest points are rounded off, 
leaving irregularities that withstand momentary applica- 



tion of full operating voltage without melting. 
[0026] Preferably, the variable voltage in the step of 
modifying is applied either in predetermined steps, ac- 
cording to a predetermined (continuous) curve, or with 

5 regulation in respect to a maximum voltage derivative 
with respect to time, so as to limit probability of local 
current density in tips (irregularities) of the ends exceed- 
ing a predetermined value (restricting or limiting points 
of melting). Excessive melting will result in a disadvan- 

10 tageous smoothing of the surface. This smoothing will 
be more severe should the heat not be allowed to es- 
cape from the tips through raising the field emission cur- 
rent (field intensity) slowly or in a number of steps the 
first time. One possible way of expressing a criterion for 

15 the modifying step could be limiting the probability of lo- 
cal current density in irregularities of the tips exceeding 
a predetermined value. Another would be increasing the 
variable electric field, in such a manner that a deterio- 
ration of said irregularities of said emitting surface is lim- 

20 ited. 

[0027] It is advantageous to perform the step of mod- 
ifying the emitting surface to enhance the electrical du- 
rability of its emitting tips (irregularities) in an evacuated 
environment containing some residual gas (ions) which 

25 will bombard the surface as a result of the applied elec- 
trical field. The advantages of this process seem to re- 
sult from continuous development of emitting tips of 
higher electrical and mechanical durability as the elec- 
trical field strength is increased in a controlled manner, 

30 causing electrically less durable tips to melt due to in- 
creasing current and causing mechanically less durable 
tips to be deformed due to increasing energy of incident 
ions. This process gives an emitting surface with dura- 
ble emitting tips. In use of the cathode there will be a re- 

35 creation of emitting tips due to effects similar to what is 
described above. 

[0028] Generally, the first substance of the cathode 
could contain a crystal or a grain structure or both. More- 
over, it is possible for the irregularities to occur in the 

40 form of micro-pores or cavities with high concentration, 
where the first substance has a (micro-) grain structure. 
Alternatively, the cathode could be a flat plate structure, 
e.g., achieved through pyrography. 
[0029] The steps of preparing, adding (for example by 

45 bombarding) and modifying, respectively, may be used 
independently or in a different order to arrive at a field 
emission cathode with an improved function. It is to be 
understood that these steps may also be performed in 
various combinations, sequentially, simultaneously, or 

50 repeatedly. 

[0030] More than one of the cathodes may be com- 
bined on a substrate into a compound cathode suited 
for the geometry of a specific illuminating device. 
[0031] The invention is directed not only toward use 

55 in lamps, fluorescent tubes, cathode-ray tubes, but to 
any other devices it where electron field emission is de- 
sired. It would even be possible to apply the invention 
using only one single tip (irregularity). 
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Claims 

1. A method in the production of a field emission cath- 
ode (1) constituted by at least one body (3) contain- 
ing a first electro-conductive substance, wherein 
said at least one body has at least one emitting sur- 
face (2) with at least one irregularity (8), said meth- 
od comprising the step of 

modifying said emitting surface (2) by applying 
to said at least one body (3) a variable electric 
field, in order to induce electron field emission 
from said emitting surface (2), and increasing 
said variable electric field, in such a manner 
that sharp peak(s) (8) of said at least one irreg- 
ularity (8) is (are) deteriorated so as to preserve 
said at least one irregularity (11) and round off 
the sharp peak(s) (11) due to heating resulting 
from said induced electron field emission. 

2. A method according to claim 1 , said method further 
comprising the step of preparing said emitting sur- 
face (2), so as to improve said at least one irregu- 
larity (8) to facilitate electron field emission, by at 
least one of the following: 

a mechanical treatment of said at least one 
body (3); 

an erosion treatment of said at least one body 
(3); 

an irradiation treatment of said at least one 
body (3); 

annealing, preferably in open air 

3. A method according to any of claims 1-2, wherein 
said variable electric field, in the step of modifying 
said emitting surface (2), is increased in steps with 
predetermined magnitudes and durations, from a 
low field strength to a field strength in the order of 
an operating voltage of said field emission cathode. 

4. A method according to any of claims 1-3, compris- 
ing in combination the steps of 

preparing said emitting surface (2) so as to im- 
prove said at least one irregularity (8) to facili- 
tate electron field emission; 
modifying said emitting surface (2) in the said 
manner. 

5. A method according to any of claims 1-3, compris- 
ing in sequence the steps of 

preparing said emitting surface so as to im- 
prove said at least one irregularity (8) to facili- 
tate electron field emission; 
modifying said emitting surface (2) in the said 
manner. 



6. A method according to any of claims 1-5, wherein 
the steps of modifying and preparing by irradiation 
treatment are performed together in a vacuum en- 
vironment containing residual gas, said variable 

5 electric field strong causing ions of the residual gas 

to be irradiated onto said emitting surface (2). 

7. A method according to any of claims 1-6, wherein 
said field emission cathode is made from a material 

10 containing said first substance, said method further 
comprising the step of annealing at an elevated 
temperature said material in order to obtain at least 
one of the following: 

15 - a removal from said material of other substanc- 
es than said first substance; 
normalization of internal structure of said ma- 
terial; 

normalization of surface structure of said ma- 
20 terial. 

8. A method according to any of claims 1-7, said meth- 
od further comprising the step of 

25 - adding to said emitting surface (2) a second 
substance with a lower work function than that 
of said first substance, in order to lower the 
electrical field strength required to induce elec- 
tron field emission from said emitting surface 
30 (2). 

9. A method according to claim 8 and any of claims 
2-6, wherein the step of adding and the step of pre- 
paring by irradiation treatment are combined into 

35 the step of irradiating said emitting surface (2) with 
particles of said second substance. 

10. A method according to any of claims 1-9, wherein 
said at least one body is a fibre segment (3) and 

40 said emitting surface is an end surface (2) of said 
fibre segment (3). 

11. A method according to claim 10, wherein said cath- 
odes are formed as bundles (1) from a plurality of 

45 said fibre segments (3), and wherein any of the 
method steps is adapted for making said emitting 
ends (2) of the bundled fibre segments (1) diverge. 

12. A field emission cathode, comprising at least one 
50 body (3) of an electro-conductive first substance 

with at least one emitting surface (2) having at least 
one irregularity (8) adapted for continuous electron 
field emission, wherein said at least one irregularity 
(8) is rounded by heating so as to not exhibit any 
55 sharp peak (11). 

13. A field emission cathode according to claim 12, 
wherein the emitting surface (2) contains a second 
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substance with a work function lower than that of 
said first substance. 

14. A field emission cathode according to any of claims 

12- 13, wherein said first substance is carbon. 

15. A field emission cathode according to any of claims 

13- 14, wherein said second substance is cesium. 

16. A field emission device comprising: 

at least one field emission cathode, with at least 
one body (3) of an electro-conductive first sub- 
stance with at least one emitting surface (2), 
said emitting surface (2) having at least one ir- 
regularity (8) adapted for continuous electron 
field emission, wherein said at least one irreg- 
ularity (8) is rounded by heating so as to not 
exhibit any sharp peak (11), 
modulator means (12) arranged separated 
from said at least one field emission cathode; 
anode means (13); 
target means (14); 
an evacuated chamber, 

said field emission cathode, said modulator 
means (12), said anode means (13) and said 
target means (14) being substantially enclosed 
in said evacuated chamber, 
said field emission cathode, said modulator 
means (12), and said anode (13) being con- 
nected to a first (C), a second (B), and a third 
(A) voltage potential, respectively, and being 
arranged geometrically so as to induce field 
emission of electrons from said field emission 
cathode onto said target means (14). 

17. A field emission device according to claim 16, 
wherein 

said target means (14) is luminescent; 
said evacuated chamber is light transparent; 
electrons are emitted onto said luminescent tar- 
get means (14) causing it to emit light externally 
of said evacuated chamber. 

18. A field emission device according to any of claims 
16-17, wherein said emitting surface (2) contains a 
second substance with a work function lower than 
that of said first substance. 

19. A method according to any of claims 1-11, compris- 
ing the step of 

performing said modifying step to modify at 
least one emitting surface (2) with at least one 
irregularity (8) to have a radius of curvature be- 
ing in the range 0.1-100 nanometers. 



20. A field emission cathode according to any of claims 
12-15, wherein said at least one irregularity (8) has 
a radius of curvature being in the range 0.1-100 na- 
nometers. 

5 

21. A field emission device according to any of claims 
16-18, wherein said at least one irregularity (8) has 
a radius of curvature being in the range 0.1-100 na- 
nometers. 



Paten tan sp ruche 

1. Verfahren zur Herstellung einer Feldemissionska- 
thode (1), die aus wenigstem einem Korper (3) be- 
steht, der eine erste elektrische leitende Substanz 
enthalt, wobei der wenigstens eine Korper wenig- 
stens eine Emissionsflache (2) mit wenigsten einer 
Irregularitat (8) aufweist und das Verfahren folgen- 
de Stufe umfaBt: 

Modifizieren der Emissionsflache (2), indem an 
dem wenigstens einen Korper (3) ein variables 
elektrisches Feld angelegt wird, um von der 
Emissionsflache (2) Elektronenfelde mission zu 
induzieren, und Erhohen des variablen elektri- 
schen Feldes in solcher Weise, dali eine schar- 
fe Spitze oder scharfe Spitzen (8) der wenig- 
stens Irregularitat (8) verschlechtert wird (wer- 
den), um die wenigstens eine Irregularitat (11) 
zu bewahren und die scharfe Spitze oder die 
scharfen Spitzen (11) durch Erhitzen abzurun- 
den, welches aus der induzierten Elektronen- 
feldemission folgt. 

Verfahren nach Anspruch 1 , welches weiter die Stu- 
fe umfaftt, die Emissionsflache (2) zu praparieren, 
so dad die wenigstens eine Irregularitat (8) verbes- 
sert wird, um die Elektronenfeldemission zu erleich- 
tern, indem wenigstens einer der folgenden Schritte 
durchgefuhrt wird: 

eine mechanische Behandlung des wenigstens 
einen Korpers (3); 

eine Erosionsbehandlung des wenigstens ei- 
nen Korpers (3); 

eine Bestrahlungsbehandlung des wenigstens 
einen Korpers (3); 

Tempem durch Erhitzen, vorzugsweise an of- 
fener Luft 

Verfahren nach einem der Anspruche 1 bis 2, worin 
das variable elektrische Feld in der Stufe des Mo- 
difizierens der Emissionsflache (2) in Stufen mit 
vorbestimmten Grofien und Zeitdauem von einer 
niedrigen Feldstarke zu einer Feldstarke in der Gro- 
fienordnung einer Betriebsspannung der Feldemis- 
sionskathode gesteigert wird. 
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1 0. Verfahren nach einem der Anspruche 1 bis 9, worin 
der wenigstens eine Korper ein Fasersegment (3) 
und die Emissionsflache eine Endflache (2) des Fa- 
sersegments (3) ist. 

5 

11. Verfahren nach Anspruch 10, worin die Kathoden 
als Bundel (1) aus einer Mehrzahl der Faserseg- 
mente (3) gebildet sind und worin irgendeine der 
Stufen des Verfahrens so angepaftt wird, daft sie 

'0 eine Divergieren der Emissionsenden (2) der ge- 
bundelten Fasersegmente (1) bewirkt. 



11 

4. Verfahren nach einem der Anspruche 1 bis 3, wel- 
ches in Kombination die folgenden Stufen umfaftt: 

Praparieren der Emissionsflache (2), urn die 
wenigstens eine Irregularitat (8) zu verbessern, 
um die Eiektronenfeidemission zu erleichtem; 
Modifizieren der Emissionsflache (2) in der an- 
gegebenen Weise. 

5. Verfahren nach einem der Anspruche 1 bis 3, wel- 
ches nacheinander die folgenden Stufen aufweist: 

Praparieren der Emissionsflache, um die we- 
nigstens eine Irregularitat (8) zu verbessern, 
um die Eiektronenfeidemission zu erleichtem: 
Modifizieren der Emissionsflache (2) in der an- 
gegebenen Weise. 

6. Verfahren nach einem der Anspruche 1 bis 5, wobei 
die Stufen des Modifizierens und des Praparierens 
durch Bestrahlungsbehandlung zusammen in einer 
Vakuumumgebung, die Restgas enthalt, durchge- 
fuhrt werden, wobei das variable elektrische Feld 
stark genug ist, um die Emissionsflache (2) mit lo- 
nen des Restgases zu bestrahlen. 

7. Verfahren nach einem der Anspruche 1 bis 6, worin 
die Feldemissionskathode aus einem die erste Sub- 
stanz enthaltenen Material hergestellt ist, wobei 
das Verfahren weiterhin die Stufe umfaftt, das Ma- 
terial bei einer erhohten Temperatur zu tempem, 
um wenigstens eines der folgenden Ergebnisse zu 
erhalten: 

Entfernen von anderen Substanzen als der er- 
sten Substanz von dem Material; 
Normalisierung der Innenstruktur des Materi- 
als; 

Normal isierung der Oberflachenstruktur des 
Materials. 

8. Verfahren nach einem der Anspruche 1 bis 7, wobei 
das Verfahren weiterhin folgende Stufe umfaftt 

Zugabe einer zweiten Substanz mit einer nied- 
rigeren Austrittsarbeit als die der ersten Sub- 
stanz zur Emissionsflache (2), um die elektri- 
sche Feldstarke zu verringern, die erforderiich 
ist, um Eiektronenfeidemission von der Emissi- 
onsflache (2) zu induzieren. 

9. Verfahren nach Anspruch 8 und einem der Anspru- 
che 2 bis 6, worin die Stufe der Zugabe und die Stu- 
fe des Praparierens durch Bestrahlungsbehand- 
lung kombiniert sind zur Stufe der Bestrahlung der 
Emissionsflache (2) mit Teilchen der zweiten Sub- 
stanz. 



12. Feldemissionskathode mit wenigstens einem Kor- 
per (3) aus einer elektrisch leitenden ersten Sub- 
stanz mit wenigstens einer Emissionsflache (2) mit 
wenigstens einer Irregularitat (8), die fur kontinuier- 
liche Eiektronenfeidemission geeignet ist, wobei 
die wenigstens eine Irregularitat (8) abgerundet ist 
durch Erhitzen, so daft sie keine scharfe Spitze (11) 
zeigt. 

13. Feldemissionskathode nach Anspruch 12, worin die 
Emissionsflache (2) eine zweite Substanz mit einer 
niedrigeren Austrittsarbeit als die der ersten Sub- 

25 stanz enthalt 

14. Feldemissionskathode nach einem der Anspruche 

12 bis 13, worin die erste Substanz Kohlenstoff ist. 

30 15. Feldemissionskathode nach einem der Anspruche 

13 bis 14, worin die zweite Substanz Casium ist. 

16. Feldemissionsvorrichtung, welche aufweist: 

35 - wenigstens eine Feldemissionskathode mit 
wenigstens einem Korper (3) aus einer elek- 
trisch leitenden ersten Substanz mit wenig- 
stens einer Emissionsflache (2), wobei die 
Emissionsflache (2) wenigstens eine Irregula- 
40 ritat (8) hat, die fur kontinuieriiche Eiektronen- 

feidemission geeignet ist und wobei die wenig- 
stens eine Irregularitat (8) durch Erhitzen ab- 
gerundet ist, so daft sie keine scharfe Spitze 
(11) zeigt,; 

45 - eine Steuervorrichtung (12), die getrennt von 
der wenigstens einen Feldemissionskathode 
angeordnet ist; 
eine Anodenvorrichtung (13); 
eine Targetvorrichtung (14); 
so - eine evakuierte Kammer; 

wobei die Feldemissionskathode, die Steuer- 
vorrichtung (12); die Anodenvorrichtung (13) 
und die Targetvorrichtung (14) im wesenttichen 
in der evakuierten Kammer eingeschlossen 
55 sind; 

wobei die Feldemissionskathode, die Steuer- 
vorrichtung (12) und die Anode (13) jeweils mit 
einem ersten (C), einem zweiten (B) und einem 
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dritten (A) Spannungspotential verbunden und 
geometrisch so angeordnet sind, daR Felde- 
mission von Elektronen von der Feldemissions- 
kathode auf die Targetvonichtung ( 1 4) induziert 
wird. 

17. Feldemissionsvorrichtung nach Anspruch 16, worin 

die Targetvonichtung (14) lumineszierend ist; 
die evakuierte Kammer lichtdurchlassig ist; 
Elektronen auf die lumineszierende Targetvor- 
richtung (14) emittiert werden, wodurch diese 
Licht aus der evakuierten Kammer nach auften 
emittiert. 

18. Feldemissionsvorrichtung nach einem der Anspru- 
che 16 bis 17, worin die Emissionsflache (2) eine 
zweite Substanz mit einer niedrigeren Austrittsar- 
beit als die der ersten Substanz enthalt. 

19. Verfahren nach einem der Anspruche 1 bis 11 , wel- 
ches fotgende Stufe aufweist: 

Durchfuhren der Modifizierungsstufe, um we- 
nigstens eine Emissionsflache (2) mit wenig- 
stens einer Irregularitat (8) so zu modifizieren, 
daB letzere einen Kurven radius im Bereich von 
0,1 bis 100 nm hat. 

20. Feldemissionskathode nach einem der Anspruche 
1 2 bis 1 5, worin die wenigstens eine Irregularitat (8) 
einen Kurvenradius im Bereich von 0,1 bis 100 nm 
hat. 

21. Vorrichtung nach einem der Anspruche 16 bis 18, 
worin die wenigstens eine Irregularitat (8) einen 
Kurvenradius im Bereich von 0,1 bis 100 nm hat 



Revendlcations 

1. Procede pour la production d'une cathode (1) a 
emission de champ constitute par au moins un 
corps (3) contenant une premiere substance elec- 
troconductrice, dans lequel ledit, au moins un, 
corps presente au moins une surface emettrice (2) 
avec au moins une irregularite (8), ledit procede 
comprenant I'etape de 

modification de ladite surface emettrice (2) par 
I'application audit, au moins un, corps (3) d'un 
champ electrique variable, afin d'induire une 
emission de champ d'electrons a parti r de ladite 
surface emettrice (2) et d'augmentation dudit 
champ electrique variable, d'une maniere telle 
que la ou les cretes effilees (8) de ladite, au 
moins une, irregularite (8) soit (soient) deterio- 
ree(s) afin de preserver ladite, au moins une, 
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irregularite (1 1) et d'arrondir la ou les cretes ef- 
filees (11) du fait d'un chauffage resultant de 
ladite emission de champ d'electrons induite. 

5 2. Procede selon la revendication 1, ledit procede 
comprenant en outre I'etape de preparation de la- 
dite surface emettrice (2), afin d'ameliorer ladite, au 
moins une, irregularite (8) pour faciliter une emis- 
sion de champ d'electrons, par au moins Tun de ce 

10 qui suit : 

un traitement mecanique dudit, au moins un, 
corps (3) ; 

un traitement d'erosion dudit, au moins un, 
15 corps (3) ; 

un traitement dlrradiation dudit, au moins un, 
corps (3) ; 

un recuit, avantageusement a Fair libre. 

20 3. Procede selon Tune des revendications 1 et 2, dans 
lequel ledit champ electrique variable, dans I'etape 
de modification de ladite surface emettrice (2), est 
augmente par etapes avec des amplitudes et des 
durees predetermines, depuis une force de champ 

25 faible jusqu'a une force de champ de I'ordre d'une 
tension de fonctionnement de ladite cathode 
d'emission de champ. 

4. Procede selon Tune quelconque des revendications 
30 1 a 3, comprenant en combinaison les etapes de : 

preparation de ladite surface emettrice (2) afin 
d'ameliorer ladite, au moins une, irregularite (8) 
pour faciliter une emission de champ 
35 d'electrons ; 

modification de ladite surface emettrice (2) de 
ladite maniere. 

5. Procede selon Tune quelconque des revendications 
40 1 a 3, comprenant en sequence les etapes de : 

preparation de ladite surface emettrice afin 
d'ameliorer ladite, au moins une, irregularite (8) 
pour faciliter une emission de champ 
45 d'electrons ; 

modification de ladite surface emettrice (2) de 
ladite maniere. 

6. Procede selon I'une quelconque des revendications 
50 1 a 5, dans lequel les etapes de modification et de 

preparation par un traitement d'irradiation sont exe- 
cutees ensemble dans un environnement vide con- 
tenant un gaz residuel, ledit champ electrique va- 
riable fort amenant des ions du gaz residuel a etre 
55 irradies sur ladite surface emettrice (2). 

7. Procede selon I'une quelconque des revendications 
1 a 6, dans lequel ladite cathode d'emission de 
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champ est formee d'une matiere contenant ladite 
premiere substance, ledit procede comprenant en 
outre I'etape de recuit a une temperature elevee de 
ladite matiere pour obtenir au moins Tune de ce qui 
suit : 

une elimination, de ladite matiere, de substan- 
ces autres que ladite premiere substance ; 
une normalisation de la structure interne de la- 
dite matiere ; 

une normalisation de la structure de surface de 
ladite matiere. 

8. Procede selon Tune quelconque des revendications 
1 a 7, ledit procede comprenant en outre I'etape de : 

I'addition a ladite surface emettrice (2) d'une 
seconde substance ayant un travail d'extrac- 
tion inferieur a celui de ladite premiere substan- 
ce, afin de diminuer la force du champ electri- 
que demands pour induire une emission de 
champ d'electrons a parti r de ladite surface 
emettrice (2). 

9. Procede selon la revendication 8 et Tune quelcon- 
que des revendications 2 a 6, dans lequel I'etape 
d'addition et I'etape de preparation par un traite- 
ment d'irradiation sont combinees dans I'etape d'ir- 
radiation de ladite surface emettrice (2) avec des 
particules de ladite seconde substance. 

1 0. Procede selon Tune quelconque des revendications 
1 a 9, dans lequel ledit, au moins un, corps est un 
segment de fibre (3) et ladite surface emettrice est 
une surface extreme (2) dudit segment de fibre (3). 

11. Procede selon la revendication 10, dans lequel les- 
dites cathodes sont formees en faisceaux (1) a par- 
tir de plusieurs desdits segments de fibre (3), et 
dans lequel Tune quelconque des etapes de proce- 
de est concue pour faire diverger lesdites extremi- 
tes emettrices (2) des segments de fibre (1) en fais- 
ceau. 

12. Cathode a emission de champ, comportant au 
moins un corps (3) en une premiere substance elec- 
troconductrice avec au moins une surface emettrice 
(2) ayant au moins une irregutarite (8) concue pour 
une emission continue d'un champ d'electrons, 
dans laquelle ladite, au moins une, irregularite (8) 
est arrondie par chauffage afin de ne presenter 
aucune arete effilee (11). 

13. Cathode a emission de champ selon la revendica- 
tion 12, dans laquelle la surface emettrice (2) con- 
sent une seconde substance ayant un travail d'ex- 
traction inferieur a celui de ladite premiere substan- 
ce. 



14. Cathode a emission de champ selon Tune des re- 
vendications 12 et 13, dans laquelle ladite premiere 
substance est du carbone. 

5 15. Cathode a emission de champ selon Tune des re- 
vendications 13 et 14, dans laquelle ladite seconde 
substance est du cesium. 

16. Dispositif a emission de champ comportant : 

10 

au moins une cathode a emission de champ, 
avec au moins un corps (3) d'une premiere 
substance electroconductrice avec au moins 
une surface emettrice (2), ladite surface emet- 
15 trice (2) ayant au moins une irregutarite (8) con- 

cue pour une emission continue d'un champ 
d'electrons, dans lequel, ladite, au moins une, 
irregularite (8) est arrondie par chauffage afin 
de ne presenter aucune pointe effilee (11) ; 
20 - un moyen modulateur (12) agence de facon a 
etre separe de ladite, au moins une, cathode a 
emission de champ ; 
un moyen a anode (13) ; 
un moyen a cible (14) ; 
25 - une chambre videe ; 

ladite cathode a emission de champ, ledit 
moyen a modulateur (12), ledit moyen a anode 
(13) et ledit moyen a cible (14) etant sensible- 
ment renfermes dans ladite chambre videe ; 
30 - ladite cathode a emission de champ, ledit 
moyen a modulateur (12), et ladite anode (13) 
etant connectes a des premier (C), deuxieme 
(B) et troisieme (A) potentiels de tension, res- 
pective ment, et etant agences geometrique- 
35 ment de facon a induire une emission de champ 

d'electrons depuis ladite cathode a emission de 
champ jusque sur ledit moyen a cible (14). 

17. Dispositif a emission de champ selon la revendica- 
40 tion 16, dans lequel : 

ledit moyen a cible (14) est luminescent ; 
ladite chambre videe est transparente a la 
I urn ie re ; 

45 - des electrons sont emis sur ledit moyen a cible 
luminescente (14) pour I'amener a emettre de 
la lumiere a I'exterieur de ladite chambre videe. 

18. Dispositif a emission de champ selon Tune des re- 
50 vendications 16 et 17, dans lequel ladite surface 

emettrice (2) contient une seconde substance 
ayant un travail d'extraction inferieur a celui de la- 
dite premiere substance. 

55 19. Procede selon I 'une quelconque des revendications 
1 a 11, comprenant I'etape de : 

d'execution de ladite etape de modification 
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pour modifier au moins une surface emettrice 
(2) avecau moins une irregularite (8) pour avoir 
un rayon de courbure compris dans la plage de 
0,1 a 100 nanometres. 

5 

20. Cathode a emission de champ selon Tune quelcon- 
que des revendications 12 a 15, dans laquelle ladi- 
te, au moins une, irregularite (8) presente un rayon 
de courbure compris dans la plage de 0,1 a 1 00 na- 
nometres. 10 

21. Dispositif a emission de champ selon Tune quelcon- 
que des revendications 16 a 18, dans lequet ladite, 
au moins une, irregularite (8) presente un rayon de 
courbure compris dans la plage de 0,1 a 100 nano- *5 
metres. 
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